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Who or what is Xenopus? Xenopus 
(literally ‘strange foot’) is a genus 
of aquatic frogs that are native to 
southern Africa. These frogs are 
remarkably tolerant to starvation, 
disease, and other insults, allowing 
the genus to span more than 45 
degrees of latitude in Sub-Saharan 
Africa. This formidable constitution 
also makes them very easy to keep in 
captivity, and thus Xenopus frogs are 
very widely used as model organisms 
for biomedical research (Figure 1). 
Each Xenopus female lays thousands 
of eggs at one time, which has led to 
the development of cell-free systems 
for biochemistry, molecular and cell 
biology studies. Moreover, fertilizing 
a clutch of eggs produces huge 
numbers of synchronized embryos, 
making Xenopus a widely used 
model for developmental biology. 
Finally, the large size of Xenopus 
oocytes has made them an important 
tool for studies of ion channels and 
transporters. Most research is done 
on Xenopus laevis — the species 
often colloquially referred to simply 
as ‘Xenopus’. However, in recent 
years, its sister species Xenopus 
tropicalis has emerged as a genetic 
model organism, owing to its simpler 
genome, faster life cycle and smaller 
size.
What got all this started? 
Amphibians have long been used in 
developmental biology, but Xenopus 
became the predominant amphibian 
model due to their worldwide 
distribution to medical centers 
for pregnancy testing (urine from 
pregnant women induces ovulation 
in Xenopus). Curiously, wild Xenopus 
were traditionally used in Africa as a 
source of fertility medicine.
This is quaint, but why use 
Xenopus today? Xenopus has a 
host of advantages that complement 
those of other model systems. First, 
Xenopus is really cheap. Second, 
the embryos can be observed 
developing from the first cell division 
Quick guide to a tadpole in about 36 hours. Finally, one can easily manipulate 
gene function in large numbers 
of embryos by using morpholino-
modified antisense oligos and by 
mis-expression of mRNA. This is 
particularly handy for testing the 
function of gene variants such 
as those associated with human 
disease. Transgenesis is also 
routine, as are large-scale small 
molecule screens.
Sounds a bit like a zebrafish 
then… It does, though it has many 
complementary advantages for 
developmental biology. Perhaps 
the more relevant point is that 
Xenopus is also widely used by cell 
and molecular biologists because it provides a unique cell-free system 
for biochemical studies.
You mentioned cell-free systems, 
are you saying Xenopus is even 
useful when mashed up? Indeed, 
Xenopus egg extracts have allowed 
the study of many complicated 
cellular events in a test tube. Large 
quantities of eggs at the same cell 
cycle stage can be collected, packed, 
and broken by simple centrifugation 
to produce undiluted cytosol with 
well-preserved membrane structures. 
This cytosol is capable of supporting 
successive cycling between mitosis 
and interphase in vitro. Therefore, it 
has been used to study processes 
such as cell cycle regulation, DNA 
replication and repair, chromosome Figure 1. Xenopus and its applications in biology.
(A) Gene expression studies; myoD expression in a Xenopus embryo. With permission from 
Gray, R.S. et al. (2009) Dev Dyn. 238, 2044-2057. (B) In vitro cell and molecular biology: a mi-
totic spindle in a Xenopus egg extract. With permission from Ma, L. et al. (2009) Nat. Cell Biol. 
11, 247-256. (C) In vivo cell biology microtubule bundles in an embryonic columnar epithelium. 
With permission from Lee, C. et al. (2007) Development 134, 1431-1441. (D) Morphogenesis: 
actin assembly in the closing neural tube. Image courtesy of Chanjae Lee. (E) Craniofacial de-
velopment: micro-CT image of a Xenopus skull. Image courtesy of Bethany Slater.
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position. Saccades and blink artifacts 
were detected and removed with an 
interactive computer program on the 
basis of velocity and noise criteria. 
For each number, we computed the 
average horizontal and vertical eye 
position during the 500 msec interval 
before it was named. 
On the basis of consistent research 
showing that small numbers are 
associated with the left and upper 
parts of space and large numbers with 
the right and lower [3,4], we predicted 
that selecting a number smaller than 
the last would be anticipated by 
leftward (downward) changes in eye 
position. Similarly, shifts to a larger 
number would be accompanied by 
rightward (upward) changes in eye 
position. Our results show that both 
horizontal and vertical changes in 
eye position predicted the direction 
of the change in number magnitude 
well above the chance level of 50% 
(Figure 1A; horizontal mean: 61.6%, 
SE 2.6: t(11) = 4.47, p < 0.001; vertical 
mean 65.7% SE 1.6: t(11) = 9.73,  
p < 0.0001).
To assess whether the size of the 
change in eye position predicted 
the size of the change in number, 
we performed a repeated-measures 
regression analysis for each individual 
participant [5]. Numerical distance 
(number ‘n + 1’ minus number ‘n’) 
was the dependent variable, and 
the corresponding changes of the 
horizontal and vertical eye position 
were used as predictors. Crucially, 
the individual regression weights for 
changes in horizontal (mean = 0.126, 
SE = 0.03, t(11) = 3.95, p < 0.002) and 
vertical eye position (mean = 0.127, 
SE = 0.03, t(11) = 4.68, p < 0.001) 
were significantly different from 0 
(one-sample t-test). A large change 
in eye position therefore predicted 
a marked change in number size, 
whereas a small change indicated that 
the next random number would be of 
comparable magnitude (Figure 1B,C). 
To a substantial degree, changes 
in eye position allow us to predict 
a number that is in a person’s mind 
before it is named. Not only does 
the direction of the change in eye 
position indicate whether a smaller 
or larger number is picked, but also 
the degree of change reliably reflects 
the size of the numerical shift. Our 
data are correlative, and the intriguing 
question remains: Does merely 
thinking of a number cause a change 
in eye position? Alternatively, does the 
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Despite the apparent simplicity of 
picking numbers at random, it is 
virtually impossible to produce a 
sequence of truly random numbers. 
Although numbers seem to pop-up 
spontaneously in one’s mind, their 
choice is invariably influenced by 
previously generated numbers [1]. 
Here, we demonstrate how the eyes 
and their position give an insight 
into the nature of the systematic 
choices made by the brain’s ‘random 
number generator’. By measuring a 
person’s vertical and horizontal eye 
position, we were able to predict with 
reliable confidence the size of the 
next number — before it was spoken. 
Specifically, a leftward and downward 
change in eye position announced 
that the next number would be smaller 
than the last. Correspondingly, if the 
eyes changed position to the right 
and upward, it forecast that the next 
number would be larger. Apart from 
supporting the old wisdom that it is 
often the eyes that betray the mind, 
the findings highlight the intricate links 
between supposedly abstract thought 
processes, the body’s actions and the 
world around us. 
Sitting in a dark room, twelve right-
handed men acted as random number 
generators. Paced by an electronic 
metronome (1 Hz) they named 40 
numbers between 1 and 30 in a 
sequence ‘as random as possible’. 
Each participant’s eye position was 
measured with dual search coils 
(Skalar, Delft, The Netherlands, 
see [2]) as they sat within a 1.4 m 
diameter coil frame, which generated 
three orthogonal magnetic field. The 
voltages induced on the coils were 
proportional to the orientation of the 
coil relative to the magnetic field 
and the signals were sampled at 
1000 Hz and a 16 bit resolution. The 
subjects’ spoken responses were 
recorded and synchronized with eye 
Correspondencescondensation and de-condensation, mitotic spindle morphogenesis, and 
nuclear envelope assembly. 
Ok, but I’ve heard you can’t 
image Xenopus embryos? Actually, 
Xenopus is great for imaging in 
cell biology because the cells of 
the embryo are unusually big at 
diameters of over 30 µm.
If Xenopus is so widely used, why 
haven’t I heard of it? Well, Xenopus 
has diverse applications, and so 
people using them have tended 
to associate based on scientific 
interests rather than the organism. 
This has meant that Xenopus has 
lagged somewhat in terms of resource 
development, but that’s changing 
now. Genome sequencing is underway 
for both X. laevis and X. tropicalis, 
an effort has been launched to build 
a Xenopus ORFeome for large-scale 
functional studies and Xenbase, the 
Xenopus model organism database, 
is expanding rapidly. You might not 
have heard about it, but there’s a good 
chance that someone’s using Xenopus 
just down the hall. 
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